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(57) A power MOSFET (1) of the present invention 
has a semiconductor material region (22) which is dis- 
posed under a polysilicon gate (27) and composed of 
polysilicon or epitaxial silicon into which impurities of a 
second conductivity type are doped at low concentra- 



tion. Therefore, a depletion layer is expanded within a 
semiconductor material (12) of a first conductivity type 
under the polysilicon gate, and the concentration of im- 
purities in a drain layer (12) can be made higher than 
that of a conventional transistor, whereby the on-resist- 
ance of the MOSFET (1) can be reduced. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001] The present invention relates to a transistor 
and a method of manufacturing the same. In particular, 
the present invention relates to a power MOSFET widely 
used in a power supply circuit or the like and a method 10 
of manufacturing the same. 

2. Description of the Related Art 

[0002] Figs. 29 and 30 show a conventional trench 15 
type power MOSFET designated by reference numeral 
101. Fig. 30 is a cross-sectional view taken along line 
X-X in Fig. 29. It is noted that like component members 
are designated by like reference numerals in Figs. 29 
and 30. 20 
[0003] This power MOSFET 1 01 has a semiconductor 
substrate constituted by successively forming a drain 
layer 112 composed of an n*-type epitaxial layer and a 
P-body region 113 on an n + -type silicon substrate 111 
as shown in Fig. 30. 25 
[0004] A plurality of trenches having a rectangular 
cross section of which bottom portion reaches the drain 
layer 112 are formed in the P-body region 113 and dis- 
posed in parallel to each other. A pMype diffusion region 
1 1 6 in a predetermined depth from the surface of the P- 30 
body region 113 is formed at a position between adja- 
cent trenches. An nMype source region 130 is formed 
in the periphery of the p + -type diffusion region 116 and 
surrounding an aperture of the trench from the surface 
of the P-body region 1 1 3 to such a depth as not reaching 35 
the drain layer 112. 

[0005] A gate insulating film 1 24 is formed on an inner 
peripheral surface and bottom surface of the trench. A 
polysilicon gate 127 is formed on a surface of the gate 
insulating film 1 24 so that the inside of the trench is filled *o 
and that its upper end is positioned higher than the lower 
end of the source region 130. 

[0006] A PSG (phospho-silicate glass) film 131 is 
formed on top of the polysilicon gate 1 27. A source elec- 
trode film 137 composed of aluminum is formed so as «5 
to cover the PSG film 131 and the surface of the semi- 
conductor substrate. The polysilicon gate 127 and the 
source electrode film 137 are electrically insulated from 
each other by the PSG film 131. Furthermore, a drain 
electrode film 193 is formed on the bottom surface of 50 
the semiconductor substrate. 

[0007] In a power MOSFET 101 having this structure, 
when a voltage equal to a threshold voltage or higher is 
applied between the polysilicon gate 127 and the source 
electrode film 137 in a state that a high voltage is being 55 
applied between the source electrode film 137 and the 
drain layer 112, an inversion layer is formed at an inter- 
face between the gate insulating film 124 and the P- 



body region 1 1 3. Thus, a current flows from the drain to 
the source through the inversion layer. 
[0008] The abscissa axis (E) of a graph in Fig. 30 rep- 
resents an electric field strength when reverse bias volt- 
age is applied between the source electrode film 137 
and the drain layer 112. The ordinate axis (y) represents 
a position on a line starting at an origin and vertically 
reaching the n + -type silicon substrate 111 where the or- 
igin is the surface of the source region 130 in the power 
MOSFET 101 shown in Fig. 30. 

[0009] Line Y-Y in Fig. 30 is a line starting at one point 
in the source region 130 and vertically reaching the n+- 
type silicon substrate 111 through the P-body region 113 
and the drain layer 112 without passing through the p + - 
type diffusion region 116. A polygonal line (b) in Fig. 30 
is a graph showing the relationship between a position 
on line Y-Y and the electric field strength thereat. 
[0010] As shown in Fig. 30, the electric field strength 
E includes a high electric field intensively applied to a 
portion of a pn junction formed by the P-body region 113 
and the drain layer 112. To secure a desired avalanche 
breakdown voltage by decreasing the electric field 
strength, the concentration of the drain layer 112 can be 
lowered so that the depletion layer can be easily ex- 
panded. In this case, however, a problem arises that the 
on-resistance of the power MOSFET 101 increases. 

SUMMARY OF THE INVENTION 

[0011] The present invention was accomplished to 
solve the above-described problem of the prior art. Ac- 
cordingly, an object of the present invention is to provide 
a technique by which the on-resistance R ON of a tran- 
sistor of the present invention can be made lower than 
that of a conventional one even when the transistor has 
a avalanche breakdown voltage equal to that of the con- 
ventional one. 

[0012] To solve the above problem, a first aspect of 
the present invention is a transistor comprising a semi- 
conductor substrate having a semiconductor layer, a 
drain layer of a first conductivity type disposed on the 
semiconductor layer and an opposite conductive region 
of a second conductivity type disposed on the drain lay- 
er, polysilicon containing impurities of the second con- 
ductivity type disposed in part of the drain layer, a gate 
trench disposed from a surface of the opposite conduc- 
tive region to the polysilicon, a source region of the first 
conductivity type formed on the surface of the opposite 
conductive region at a position adjacent to the gate 
trench, a gate insulating film positioned on the inner sur- 
face of the gate trench and disposed over the drain layer, 
the opposite conductive region and the source region, 
and a gate electrode film disposed in the gate trench in 
tight contact with the gate insulating film and insulated 
from the polysilicon. 

[001 3] A second aspect of the invention is a transistor 
according to the first aspect, wherein the polysilicon and 
the gate electrode film are insulated from each other by 
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the gate insulating film. 

[0014] A third aspect of the invention is a transistor 
according to the first aspect, further comprising an insu- 
lating film which is disposed between the polysilicon and 
the drain layer and insulates the polysilicon from the 
drain layer. 

[0015] A fourth aspect of the invention is a transistor 
according to the first aspect, wherein the semiconductor 
layer is of the first conductivity type. 
[0016] A fifth aspect of the invention is a transistor ac- 
cording to the first aspect, wherein the semiconductor 
layer is of the second conductivity type. 
[0017] A sixth aspect of the invention is a transistor 
comprising a semiconductor substrate having a semi- 
conductor layer, a drain layer of a first conductivity type 
disposed on the semiconductor layer and an opposite 
conductive region of a second conductivity type dis- 
posed on the drain layer, a semiconductor material dis- 
posed in part of the drain layer and constituted so that 
a depletion layer can be formed therein, a gate trench 
disposed from a surface of the opposite conductive re- 
gion to the semiconductor material, a source region of 
the first conductivity type formed on the surface of the 
opposite conductive region at a position adjacent to the 
gate trench, a gate insulating film positioned on the inner 
surface of the gate trench and disposed over the drain 
layer, the opposite conductive region and the source re- 
gion, and a gate electrode film disposed in the gate 
trench in tight contact with the gate insulating film and 
insulated from the semiconductor material, wherein the 
semiconductor material is filled at the bottom of a deep 
trench disposed from the surface of the opposite con- 
ductive region to the inside of the drain layer, and the 
gate trench is formed by the surface of the semiconduc- 
tor material and the inner peripheral surface of the deep 
trench. 

[0018] A seventh aspect of the invention is a transistor 
according to the sixth aspect, wherein the semiconduc- 
tor material and the gate electrode film are insulated 
from each other by the gate insulating film. 
[0019] An eighth aspect of the invention is a transistor 
according to the sixth aspect, further comprising an in- 
sulating film provided on the inner wall surface and the 
bottom surface of the deep trench, and wherein the sem- 
iconductor material is filled at the bottom of the deep 
trench so as to come into tight contact with the insulating 
film. 

[0020] A ninth aspect of the invention is a transistor 
according to the sixth aspect, wherein the semiconduc- 
tor material is formed by epitaxial growth. 
[0021] A tenth aspect of the invention is a transistor 
according to sixth aspect, wherein the semiconductor 
layer is of the first conductivity type. 
[0022] An eleventh aspect of the invention is a tran- 
sistor according to sixth aspect, wherein the semicon- 
ductor layer is of the second conductivity type. 
[0023] A twelfth aspect of the invention is a method of 
manufacturing a transistor, comprising the steps of 



forming a deep trench in a semiconductor substrate hav- 
ing a drain layer of a first conductivity type and an op- 
posite conductive region of a second conductivity type 
disposed on the drain layer from a surface of the oppo- 

5 site conductive region to the drain layer, filling a semi- 
conductor material in the deep trench from the bottom 
surface of the deep trench to a depth not reaching the 
opposite conductive region to be constituted so that a 
depletion layer can be formed therein, forming a gate 

10 insulating film from the surface of the semiconductor 
material over the inner surface of the gate trench con- 
stituted by the surface of the semiconductor material 
and the deep trench, forming a gate electrode film in 
which impurities of the first conductivity type are diffused 

15 in the gate trench so as to come into tight contact with 
the gate insulating film, and forming a source region of 
the first conductivity type in the semiconductor substrate 
surface surrounding the gate trench. 
[0024] A thirteen aspect of the invention is a method 

20 of manufacturing a transistor according to the twelfth as- 
pect, wherein, the step of filling the semiconductor ma- 
terial in the deep trench comprises the steps of, forming 
an insulating film from the bottom surface of the deep 
trench to a depth not reaching the opposite conductive 

25 region, and forming the semiconductor material on the 
insulating film surface and filling the deep trench with 
the semiconductor material to the upper end of the in- 
sulating film. 

[0025] A fourteenth aspect of the invention is a meth- 
30 od of manufacturing a transistor according to the twelfth 
aspect, wherein the semiconductor material is formed 
by epitaxial growth and is composed of silicon contain- 
ing impurities of the second conductivity type. 
[0026] A fifteenth aspect of the invention is a method 
35 of manufacturing a transistor according to the twelfth as- 
pect, wherein the semiconductor material is composed 
of polysilicon containing impurities of the second con- 
ductivity type. 

[0027] According to a transistor of the present inven- 

40 tion, polysilicon containing impurities is disposed under 
the gate trench filled with a gate electrode therein. 
[0028] Therefore, the depletion layer is formed into 
the polysilicon under the gate electrode and is expanded 
from a region of the opposite conductivity type to a depth 

45 where the bottom surface of the polysilicon is positioned 
in the drain layer. Thus, the electric field strength in a 
depth direction inside the semiconductor substrate be- 
comes uniform. Consequently, the electric field strength 
is weakened as compared with that in a conventional 

50 transistor since a high electric field is not intensively ap- 
plied to a portion at a certain depth. Therefore, the av- 
alanche breakdown voltage of the transistor becomes 
higher than that of a conventional one. 
[0029] Since the concentration of impurities in the 

55 drain layer does not need to be lowered to secure a high 
avalanche breakdown voltage unlike in the case of a 
conventional transistor, the concentration of impurities 
in the drain layer can be made higher than that in the 
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conventional one and thereby the on-resistance of the 
transistor can be reduced. 

[0030] According to another transistor of the present 
invention, a semiconductor material in which a depletion 
layer can be formed is filled at the bottom of the deep 5 
trench. A gate insulating film is disposed in a gate trench 
constituted by the surface of the semiconductor material 
and the inner peripheral surface of the deep trench, and 
a gate electrode film is disposed on a surface of a gate 
insulating film so as to fill in the gate trench. 10 
[0031] Therefore, the depletion layer is expanded 
from the opposite conductivity type region to a depth 
where the bottom surface of the semiconductor material 
is positioned. Therefore, electric field strengths in the 
depth direction in the inside of the semiconductor sub- *5 
strate become uniform. 

[0032] Furthermore, according to a method of manu- 
facturing a transistor of the present invention, a deep 
trench is formed and then a semiconductor material in 
which a depletion layer can be formed is filled at the bot- 20 
torn of the deep trench. Then, a gate insulating film is 
formed on the semiconductor material surface and an 
inner peripheral surface of a gate trench constituted by 
the semiconductor material surface and the inner pe- 
ripheral surface of the deep trench. Then, a gate elec- 25 
trode film is formed in the gate trench so as to come into 
tight contact with the gate insulating film. 
[0033] Therefore, since the polysilicon layer is easily 
formed under the gate electrode film in a state that the 
polysilicon layer and the gate electrode film are insulat- 30 
ed from each other by the gate insulating film, the de- 
pletion layer can be formed in this polysilicon layer so 
that the electric field strengths in the drain layer can be 
made uniform. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0034] 

Fig. 1 is a cross-sectional view showing a process *o 
of forming a power MOSFET according to one em- 
bodiment of the invention; 

Fig. 2 is a cross-sectional view showing the subse- 
quent process; 

Fig. 3 is a cross-sectional view showing the subse- 
quent process; 

Fig. 4 is a cross-sectional view showing the subse- 
quent process; 

Fig. 5 is a cross-sectional view showing the subse- 
quent process; 50 
Fig. 6 is a cross-sectional view showing the subse- 
quent process; 

Fig. 7 is a cross-sectional view showing the subse- 
quent process; 

Fig. 8 is a cross-sectional view showing the subse- 55 
quent process; 

Fig. 9 is a cross-sectional view showing the subse- 
quent process; 



Fig. 10 is a cross-sectional 


view 


showing 


the 


sub- 


sequent process; 

Fig. 11 is a cross-sectional 


view 


showing 


the 


sub- 


sequent process; 

Fig. 12 is a cross-sectional 


view 


showing 


the 


sub- 


sequent process; 

Fig. 13 is a cross-sectional 


view 


showing 


the 


sub- 


sequent process; 

Fig. 14 is a cross-sectional 


view 


showing 


the 


sub- 


sequent process; 

Fig. 15 is a cross-sectional 


view 


showing 


the 


sub- 


sequent process; 

Fig. 16 is a cross-sectional 


view 


showing 


the 


sub- 


sequent process; 

Fig. 17 is a cross-sectional 


view 


showing 


the 


sub- 


sequent process; 

Fig. 18 is a cross-sectional 


view 


showing 


the 


sub- 


sequent process; 

Fig. 19 is a cross-sectional 


view 


showing 


the 


sub- 


sequent process; 

Fig. 20 is a cross-sectional 


view 


showing 


the 


sub- 


sequent process; 

Fig. 21 is a cross-sectional 


view 


showing 


the 


sub- 



sequent process; 

Fig. 22 is a plan view showing a power MOSFET 
according to one embodiment of the invention; 
Fig. 23 is a cross-sectional view showing a power 
MOSFET according to one embodiment of the in- 
vention; 

Fig. 24 is an explanatory view of a first example of 
a plan configuration of a power MOSFET according 
to one embodiment of the invention; 
Fig. 25 is an explanatory view of a second example 
of a plan configuration of a power MOSFET accord- 
ing to one embodiment of the invention; 
Fig. 26 is a cross-sectional view taken along line C- 
C in Fig. 25; 

Fig. 27 is a cross-sectional view taken along line D- 
D in Fig. 25; 

Fig. 28 is a cross-sectional view showing an exam- 
ple of an IGBT according to the present invention; 
Fig. 29 is a plan view showing a conventional power 
MOSFET; 

Fig. 30 is a cross-sectional view showing the con- 
ventional power MOSFET; 

Fig. 31 is a cross-sectional view showing a manu- 
facturing process of a power MOSFET according to 
another embodiment of the invention; 
Fig. 32 is a cross-sectional view showing a manu- 
facturing process of a power MOSFET according to 
another embodiment of the invention; and 
Fig. 33 is a cross-sectional view showing a power 
MOSFET according to another embodiment of the 
invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] Embodiments of the present invention will be 
described below with reference to the drawings. 
[0036] A method of manufacturing a trench type pow- 
er MOSFET according to an embodiment of the inven- 
tion will be described below with reference to Figs. 1 to 
21. It is noted that like component members are desig- 
nated by like reference numerals throughout these fig- 
ures. 

[0037] First, a drain layer 12 composed of an nMype 
epitaxial layer having a thickness of 18.2 jim is formed 
on a surface of an n + silicon substrate 11 having a resis- 
tivity of 0.003 Qcm. After the layer is subjected to ther- 
mal oxidation to form an Si0 2 film 45 on the whole sur- 
face of the drain layer 12, boron ions (B + ) are implanted 
in the drain layer 12 via the Si0 2 film 45. Consequently, 
a p-type implantation layer 41 is formed near the surface 
in the drain layer 12 (refer to Fig. 1). Subsequently, the 
p-type implantation layer is diffused in the drain layer 12 
by thermal process and thus a P-body region 13 is 
formed from the surface of the drain layer 12 to a depth 
of 1 .2 urn (refer to Fig. 2). 

[0038] Subsequently, a resist film 14 is formed. The 
resist film 14 has a plurality of slender apertures 15 
formed in the surface thereof so that the apertures are 
disposed in parallel to each other at predetermined in- 
tervals (refer to Fig. 3). When boron ions (B*) are im- 
planted into the P-body region 1 3 from the apertures 1 5, 
a plurality of slender pMype implantation layers 19 are 
formed (refer to Fig. 4). 

[0039] Subsequently, the resist film 14 is removed 
and thermal process is performed. Consequently, the 
pMype implantation layers 1 9 are diffused in the P-body 
region 13 and a plurality of slender p + -type diffusion re- 
gions 16 are formed from the surface of the P-body re- 
gion 1 3 to a depth of about 1 .0 \xm (refer to Fig. 5). These 
pMype diffusion regions 16 are disposed in parallel to 
each other. 

[0040] Then, a Si0 2 film 17 is formed on the whole 
surface by the CVD method (refer to Fig. 6). Subse- 
quently, a resist film 18 in which the slender apertures 

19 are formed at a position between the neighboring p + - 
type diffusion regions 16 is formed on the surface of the 
Si0 2 film 17 (refer to Fig. 7). 

[0041] Subsequently, the Si0 2 film 1 7 is etched by us- 
ing the resist film 18 as a mask to expose the surface of 
the P-body region 13 (refer to Fig. 8). Then, the resist 
film 18 is removed and the P-body region 13 and the 
drain layer 12 are etched by using the Si0 2 film 17 as a 
mask. Consequently, a plurality of slender deep trench- 
es 20 having a rectangular cross section are formed 
from the Si0 2 film 17 to the drain layer 12 piercing the 
P-body region 13 (refer to Fig. 9). These deep trenches 

20 are disposed in parallel to each other on the semi- 
conductor substrate and are not brought into contact 
with the pMype diffusion regions 16. The bottom sur- 



face of the deep trench 20 is positioned lower than the 
upper end of the drain layer 1 2 at a depth of 1 2 \irr\ from 
the surface of the semiconductor substrate. 
[0042] Subsequently, when a polysilicon thin film 21 
5 in which boron are doped is deposited from the surface 
of the Si0 2 film 17 to the inside of the deep trench 20, 
the inside of the deep trench 20 is filled with the formed 
polysilicon thin film 21 (refer to Fig. 10). 
[0043] Subsequently, the^polysilicon thin film 21 is 
io etched for a predetermined time period to remove the 
polysilicon thin film 21 on the Si0 2 film 17, but etching 
is finished while the polysilicon thin film 21 remains in 
the deep trench 20. Thus, the semiconductor material 
22 of the present invention is constituted by the polysil- 
icon thin film 21 remaining in the deep trench 20 (refer 
to Fig. 11). A plurality of the semiconductor materials 22 
are formed in a slender shape and disposed in parallel 
to each other. The surface of the semiconductor material 
22 is positioned lower than the surface of the drain layer 
12, in practice, at a depth of 1.6 |im from the surface of 
the semiconductor substrate. In this state, the gate 
trench 23 of the present invention is constituted by a 
trench formed by the surface of the semiconductor ma- 
terial 22 and the inner peripheral surface of the deep 
trench 20. This gate trench 23 is formed in a slender 
shape as in the case of the deep trench 20. In this state, 
silicon is exposed on the inner peripheral surface of the 
gate trench 23. The surface of the semiconductor ma- 
terial 22 is exposed at the bottom of the gate trench 23. 
[0044] Here, when the semiconductor material 22 is 
formed in the deep trench 20, the polysilicon thin film 21 
is deposited to fill the inside of the deep trench 20, but 
the present invention is not limited to this constitution. 
For example, the semiconductor material 22 may be 
formed by growing epitaxial layer to be used as the sem- 
iconductor material 22 in the deep trench 20. 
[0045] Subsequently, when thermal oxidation is per- 
formed, the inner surface of the gate trench 23 is oxi- 
dized. Consequently, a gate insulating film 24 is formed 
from the inner surface of the gate trench 23 over the 
surface of semiconductor material 22 (refer to Fig. 12). 
[0046] Subsequently, when a polysilicon thin film 26 
into which phosphorus are doped is deposited from the 
surface of the Si0 2 film 17 over the inside of the gate 
trench 23, the inside of the gate trench 23 is filled with 
the polysilicon thin film 26 (refer to Fig. 13). 
[0047] Subsequently, the polysilicon thin film 26 is 
etched for a predetermined time period to completely 
remove the polysilicon thin film 26 on the Si0 2 film 17. 
Etching is finished in a state that the polysilicon thin film 
26 remains in the gate trench 23. Hereinafter, the poly- 
silicon thin film 26 remaining in the gate trench 23 is re- 
ferred to as a polysilicon gate and is designated by ref- 
erence numeral 27 (refer to Fig. 14). A plurality of the 
polysilicon gates 27 are formed in a slender shape and 
disposed in parallel to each other. Its bottom surface is 
positioned lower than the surface of the drain layer 12. 
[0048] Subsequently, the Si0 2 film 17 is etched to ex- 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 1 130 653 A2 



10 



pose a surface of the P-body region 13 (refer to Fig. 15). 
Then, a resist film 28 is formed. This resist film 28 is 
positioned at a central position of a short side of the p + - 
type diffusion region 1 6, extends along a longitudinal di- 
rection and has slender apertures 47 formed therein (re- 
fer to Fig. 16). The pMype diffusion region 16 and the 
P-body region 13 are partially exposed from these ap- 
ertures 47. 

[0049] Then, when arsenic ions (As + ) are implanted 
in the surface of the P-body region 1 3 by using the resist 
film 28 as a mask, an n + -type implantation layer 39 is 
formed on the pMype diffusion region 16 and the P- 
body region 13 partially exposed from the aperture 47 
(refer to Fig. 17). 

[0050] Subsequently, when the resist film 28 is re- 
moved and thermal process is performed, the nMype 
implantation layer 39 is diffused in the P-body region 1 3. 
A plurality of slender source regions 30 composed of an 
n + -type impurities diffusion layer are formed from the 
surface of the P-body region 13 surrounding the gate 
trench 23 in the depth direction (refer to Fig. 18). These 
source regions 30 are disposed in parallel to each other 
on both sides of the slender p + -type diffusion region 16 
so as to cover long sides thereof. 
[0051] Subsequently, a PSG film 31 is formed on the 
whole surface of the semiconductor substrate and then 
a resist film 32 is formed. The resist film 32 is patterned 
to form a plurality of slender apertures 35 above the p + - 
type diffusion region 16 and part of the source region 30 
(refer to Fig. 19). 

[0052] Subsequently, the PSG film 31 is etched by us- 
ing the resist film 32 as a mask and the PSG film 31 is 
formed into a slender shape. At this time, the pMype 
diffusion region 16 and part of the source region 30 are 
exposed (refer to Fig. 20). Subsequently, an aluminum 
thin film is formed on the whole surface by evaporation 
to form a source electrode film 37. Then, a copper-nickel 
alloy thin film is formed on the bottom surface of the sub- 
strate by evaporation to form a drain electrode film 93. 
Thus, a power MOSFET 1 shown in Fig. 21 is formed. 
[0053] In the power MOSFET 1 having a structure as 
described above, when a voltage equal to the threshold 
voltage or higher is applied between the polysilicon gate 
27 and the source electrode film 37 in a state that a high 
voltage is being applied between the source electrode 
film 37 and the drain layer 12, an inversion layer is 
formed at the interface between the gate insulating film 
24 and the P-body region 13 is formed. Thus, a current 
flows from the drain to the source through the inversion 
layer. 

[0054] The abscissa axis (E) of a graph in Fig. 23 rep- 
resents an electric field strength. The ordinate axis (y) 
represents a position on a line starting at an origin and 
vertically reaching the n + -type silicon substrate 11 
where the origin is the surface of the source regions 30 
of a power MOSFET 1 shown in Fig. 23. 
[0055] Line B-B in Fig. 23 starts at one point in the 
source region 30 and vertically reaches the n + -type sil- 



icon substrate 11 through the P-body region 13 and the 
drain layer 12 without passing through the p + -type dif- 
fusion region 16. A polygonal line (a) in Fig. 23 is a graph 
showing the relationship between a position on line B- 
5 B and the electric field strength thereat. 

[0056] In the power MOSFET 1 of this embodiment, 
the semiconductor material 22 is disposed under the 
polysilicon gate 27 via the gate insulating film 24. There- 
fore, a depletion layer is also formed in the semiconduc- 
tor material 22 under the polysilicon gate 27. As a result, 
the electric field strengths E from the interface between 
the P-body region 13 and the drain layer 12 to the bottom 
surface of the semiconductor material 22 become uni- 
form as shown in Fig. 23. 

[0057] Consequently, a high electric field is not ap- 
plied to the interface between the P-body region 13 and 
the drain layer 12, Lower electric field than in a case of 
a conventional transistor are applied from the interface 
between the P-body region 13 and the drain layer 12 to 
the bottom surface of the semiconductor material 22 
when the same voltage as that of a power MOSFET with 
a conventional structure is applied. Therefore, an ava- 
lanche breakdown voltage becomes higher than a con- 
ventional one. 

[0058] Thus, since the avalanche breakdown voltage 
is higher, a concentration of impurities in the drain layer 
12 does not need to be lowered to secure a desired av- 
alanche breakdown voltage unlike the case of the con- 
ventional one. The concentration of impurities in the 
drain layer 12 can be made higher than that in the con- 
ventional transistor. Therefore, the on-resistance R ON 
of the power MOSFET 1 can be made lower than that 
of a conventional one. 

[0059] Fig. 22 is a plan view of a power MOSFET 1 . 
A source electrode film 37 is not shown in Fig. 22. A 
plurality of slender rectangular PSG films 31 are formed 
in parallel to each other at predetermined intervals on a 
semiconductor substrate. PMype diffusion regions 16 
in stripes are formed between the adjacent PSG films 
31 . Source regions 30 disposed on both sides of the p + - 
type diffusion regions 16. 

[0060] The power MOSFET 1 of this embodiment has 
diffusion layers formed in stripes on a plane as shown 
in Fig. 22, but a plan configuration of a transistor accord- 
ing to the present invention is not limited to the structure 
shown in Fig. 22. For example, as shown with reference 
numeral 51 in Fig. 24, gate trenches 23 may be formed 
in a mesh to form gate electrodes 27 in a grid. A source 
region 30 in a rectangular shape may be formed in each 
region surrounded by the gate electrodes 27 while a rec- 
tangular pMype diffusion region 16 is formed at the 
center of each source region 30. 

[0061] Also, a power MOSFET may have the follow- 
ing configuration. As a plan configuration is shown with 
reference numeral 71 in Fig. 25, polysilicon gates 27 are 
buried in rectangular gate trenches arranged in a line. 
A gate electrode interconnect layer 81 in stripes com- 
posed of polysilicon is formed on each polysilicon gate 
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27. Source regions 30 in stripes are disposed on both 
sides of the gate electrode interconnect layer 81. P + - 
type diffusion regions 16 in stripes are formed between 
the neighboring source regions 30. 

[0062] Fig. 26 is a cross-sectional view taken along 5 
line C-C in Fig. 25. Fig. 27 is a cross-sectional view tak- 
en along line D-D in Fig. 25. Since respective polysilicon 
gates 27 are connected with each other by a gate elec- 
trode interconnect layer 81 provided in a line thereon, a 
voltage can be applied to all the polysilicon gates 27 by 10 
applying the voltage to the gate electrode interconnect 
layer 81. 

[0063] Furthermore, a power MOSFET is described 
as a transistor according to this embodiment, but the 
present invention is not limited to this kind of transistor. 15 
For example, the present invention can be applied to an 
IGBT (insulated gate bipolar transistor) 91 constituted 
by using a p + -type silicon substrate 11' instead of n-type 
silicon substrate 11 as shown in Fig. 28. 
[0064] In this embodiment, n-type is defined as a first 20 
conductivity type and p-type is defined as a second con- 
ductivity type. An example of an opposite conductive re- 
gion of the present invention is constituted by a p-type 
body region 13 and a pMype diffusion region 16. How- 
ever, the present invention is not limited to this definition. 25 
P-type may be a first conductivity type and n-type may 
be a second conductivity type. 

[0065] An aluminum film is used as a source electrode 
film 37, but the present invention is not limited to this 
kind of film. For example, a copper film or the like may 30 
be used. 

[0066] Furthermore, a drain layer 1 2 is formed by epi- 
taxial growth, but a method of forming a drain layer 12 
according to the present invention is not limited to this 
method. The drain layer 12 may be formed by surface 35 
diffusion. 

[0067] In any of the above-described embodiment, a 
silicon substrate is used as a semiconductor substrate, 
but a semiconductor substrate of the present invention 
is not limited to this kind of substrate. For example, a *o 
substrate of SiC or the like may be used. 
[0068] Furthermore, in this embodiment, polysilicon 
to which phosphorus (p) are doped is used as a semi- 
conductor material 22, but the present invention is not 
limited to this. Silicon single crystal to which impurities 45 
of a conductivity type opposite to that of impurities add- 
ed to drain layer 12 is added may be used. 
[0069] A polysilicon gate is used as gate electrode 
film, but a gate electrode of the present invention is not 
limited to this kind of gate. A metal gate may be used. so 
[0070] Furthermore, a P-body region 13 is formed by 
surface diffusion, but the present invention is not limited 
to this method. For example, the P-body region may be 
formed by epitaxial growth. 

[0071] A silicon oxide film is used as a gate insulating 55 
film 24, but a gate insulating film 24 of the present in- 
vention is not limited to this kind of film. For example, a 
silicon nitride film may be used or a composite film of a 



silicon oxide film and a silicon nitride film may be used. 
[0072] A transistor of the present invention is not lim- 
ited to the power MOSFET 1 shown in Fig. 23. For ex- 
ample, like a power MOSFET shown with reference nu- 
meral 61 in Fig. 33, a structure in which an insulating 
film 65 is disposed between a semiconductor material 
22 and a deep trench 20 may be employed. 
[0073] In this power MOSFET 61, a semiconductor 
material 22 and a drain layer 12 are insulated from each 
other. Therefore, even when the power MOSFET 61 is 
reverse biased, no current flows between the drain layer 
1 2 and the semiconductor material 22. As a result, leak- 
age current is lower than in an element in which an in- 
sulating film 65 is not formed such as, for example, a 
power MOSFET 1 shown in Fig. 21 . Thus, loss of power 
consumption is reduced. 

[0074] A manufacturing process of a power MOSFET 
61 having this structure will be briefly described below. 
[0075] First, after the steps shown in Figs. 1 to 9, the 
inside of an exposed deep trench 20 is subjected to ther- 
mal oxidation to form an oxide film from the inner bottom 
surface of the deep trench 20 to the inner side surface. 
The oxide film is etched to form an insulating film 65 
which is formed from the inner bottom surface of the 
deep trench 20 to the inner side surface and has upper 
end positioned lower than the surface of the drain layer 
12. Fig. 31 shows this state. 

[0076] Subsequently, polysilicon is deposited on the 
surface of the insulating film 65 and the inside of the 
deep trench 20 to fill the deep trench 20. Then, the poly- 
silicon is etched until the upper end of the polysilicon is 
positioned at the same depth as the upper end of the 
insulating film 65. Thus, a semiconductor material 22 
composed of polysilicon is formed. 
[0077] Subsequently, when thermal oxidation is per- 
formed, the surface of the semiconductor material 22 
and the inner peripheral surface of the gate trench 23 
are oxidized and thereby a gate insulating film 24 is 
formed. Fig. 32 shows this state. 

[0078] Subsequently, after steps similar to those 
shown in Figs. 13 to 21, a power MOSFET 61 shown in 
Fig. 33 is completed. 

[0079] The on-resistance can be reduced by increas- 
ing the avalanche breakdown voltage of a power MOS- 
FET 



Claims 

1. A transistor comprising: 

a semiconductor substrate having a semicon- 
ductor layer, a drain layer of a first conductivity 
type disposed on the semiconductor layer and 
an opposite conductive region of a second con- 
ductivity type disposed on the drain layer; 
polysilicon containing impurities of the second 
conductivity type disposed in part of the drain 
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layer; 

a gate trench disposed from a surface of the 
opposite conductive region to the polysilicon; 
a source region of the first conductivity type 
formed on the surface of the opposite conduc- 5 
tive region at a position adjacent to the gate 
trench; 

a gate insulating film positioned on the inner 
surface of the gate trench and disposed over 
the drain layer, the opposite conductive region 10 
and the source region; and 
a gate electrode film disposed in the gate trench 
in tight contact with the gate insulating film and 
insulated from the polysilicon. 

15 

2. The transistor according to claim 1, wherein the 
polysilicon and the gate electrode film are insulated 
from each other by the gate insulating film. 

3. The transistor according to claim 1, further compris- 20 
ing an insulating film which is disposed between the 
polysilicon and the drain layer and insulates the 
polysilicon from the drain layer. 

4. The transistor according to claim 1, wherein the 25 
semiconductor layer is of the first conductivity type. 

5. The transistor according to claim 1, wherein the 
semiconductor layer is of the second conductivity 
type. 30 

6. A transistor comprising: 

a semiconductor substrate having a semicon- 
ductor layer, a drain layer of a first conductivity 35 
type disposed on the semiconductor layer and 
an opposite conductive region of a second con- 
ductivity type disposed on the drain layer; 
a semiconductor material disposed in part of 
the drain layer and constituted so that a deple- *o 
tion layer can be formed therein; 
a gate trench disposed from a surface of the 
opposite conductive region to the semiconduc- 
tor material; 

a source region of the first conductivity type 45 
formed on the surface of the opposite conduc- 
tive region at a position adjacent to the gate 
trench; 

a gate insulating film positioned on the inner 
surface of the gate trench and disposed over 50 
the drain layer, the opposite conductive region 
and the source region; and 
a gate electrode film disposed in the gate trench 
in tight contact with the gate insulating film and 
insulated from the semiconductor material, 55 
wherein 

the semiconductor material is filled at the bot- 
tom of a deep trench disposed from the surface 
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of the opposite conductive region to the inside 
of the drain layer; and 

the gate trench is formed by the surface of the 
semiconductor material and the inner peripher- 
al surface of the deep trench. 

7. The transistor according to claim 6, wherein the 
semiconductor material and the gate electrode film 
are insulated from each other by the gate insulating 

* film. 

8. The transistor according to claim 6, further compris- 
ing an insulating film provided on the inner wall sur- 
face and the bottom surface of the deep trench; and 

wherein the semiconductor material is filled at 
the bottom of the deep trench so as to come into 
tight contact with the insulating film. 

9. The transistor according to claim 6, wherein the 
semiconductor material is formed by epitaxial 
growth. 

10. The transistor according to claim 6, wherein the 
semiconductor layer is of the first conductivity type. 

11. The transistor according to claim 6, wherein the 
semiconductor layer is of the second conductivity 
type. 

12. A method of manufacturing a transistor, comprising 
the steps of: 

forming a deep trench in a semiconductor sub- 
strate having a drain layer of a first conductivity 
type and an opposite conductive region of a 
second conductivity type disposed on the drain 
layer from a surface of the opposite conductive 
region to the drain layer; 

filling a semiconductor material in the deep 
trench from the bottom surface of the deep 
trench to a depth not reaching the opposite con- 
ductive region to be constituted so that a deple- 
tion layer can be formed therein; 
forming a gate insulating film from the surface 
of the semiconductor material over the inner 
surface of the gate trench constituted by the 
surface of the semiconductor material and the 
deep trench; 

forming a gate electrode film in which impurities 
of the first conductivity type are diffused in the 
gate trench so as to come into tight contact with 
the gate insulating film, and 
forming a source region of the first conductivity 
type in the semiconductor substrate surface 
surrounding the gate trench. 

1 3. The method of manufacturing a transistor according 
to claim 12, wherein 
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the step of filling the semiconductor material 
in the deep trench comprises the steps of: 

forming an insulating film from the bottom sur- 
face of the deep trench to a depth not reaching 
the opposite conductive region; and 
forming the semiconductor material on the in- 
sulating film surface and filling the deep trench 
with the semiconductor material to the upper 
end of the insulating film. 

14. The method of manufacturing a transistor according 
to claim 12, wherein the semiconductor material is 
formed by epitaxial growth and is composed of sil- 
icon containing impurities of the second conductiv- 
ity type. 

15. The method of manufacturing a transistor according 
to claim 12, wherein the semiconductor material is 
composed of polysilicon containing impurities of the 20 
second conductivity type. 
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